This study evaluates the concept of developing a non-deform phase change energy storage material possessing higher thermal conductivity and energy storage density through pressure compaction process. The theoretical and experimental investigations have shown that the technique is able to reduce porosity and increase conductivity and energy storage density of a composite material. Even though there was some measure of plastoelasticity due to decompression, the average porosity was reduced from 62% to 23.8% at a relatively low compaction pressure of 2.8MPa without any structural damage to the tested sample. The mean energy storage density increased by 97% and the effective thermal conductivity also increased by twenty five times despite 10% reduction in its latent heat capacity. There is however the need for further development towards minimising the effect of decompression and achieving stronger energy storage tablets at relatively low compaction force.
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approximately 40% of the world's electricity supply for various types of building services systems [1] . It is also estimated that 85% of a building's gas emissions is caused by heating, cooling and lighting activities and that commercial buildings produce approximately a third of energy-related carbon emissions worldwide [2] . In reduction and 7% increase in the mean summer and winter floor temperatures respectively. Theoretical investigation by Darkwa and O'Callaghan [5] showed that a laminated PCM wall board with a narrow phase-change zone was capable of increasing winter minimum room temperature by about 17% more than a randomly mixed type. Darkwa [6] further investigated the laminated PCM concept in a buried concrete pipe and reported significant cooling capacity enhancement but with a turbulent generated type of air flow. Hunger et al. [7] studied the impact of PCM in self-compacting concrete material and achieved significant improvement in the thermal performance of concrete but observed significant loss in strength. Ceron et al.
[8] reported 15% energy performance enhancement in a floor tile containing paraffin based PCM.
However, PCMs have so far achieved limited applications in buildings due to their relatively poor thermal response and other integration barriers. To this end, some research efforts towards enhancement have been carried out by various investigators.
Sarl [9] developed and tested an experimental composite PCM with high density polyethylene (HDPE) and obtained an increase of 24% in its thermal conductivity. Li et al [10] investigated a novel form-stable phase change material comprising of micro-encapsulated paraffin and HDPE material and also achieved up to 25% thermal enhancement. Other researchers such as Borreguero et al. [11] , Feldman et al. [12] and Darkwa and Zhou [13] have further evaluated different composite PCM materials and achieved good heat transfer enhancements but did report reductions in energy storage densities. In this current study it is proposed to overcome these barriers through pressure compaction technique whereby an atomized metal powder of predetermined size is combined with PCM particles in a pressure controlled environment to obtain an enhanced composite material.
2.0: THEORETICAL CONCEPT
The concept is based on compacting micro-encapsulated phase change material (MEPCM) and a high conductivity material in a powder form to obtain composite phase change material tablets. The concept is intended to reduce porosity and thereby increase energy storage density and thermal conductivity in the composite tablets. The process involves the simultaneous compression and consolidation of a two-phase (particulate solid-gas) system due to an applied force. The principles of compaction and decompression in powder tableting have been widely studied and reviewed in various sources [14] [15] and therefore would not be covered in this study. However,
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the key governing principles and theories relevant to this study shall be highlighted in the following sections.
Compaction and decompression processes
According to Marshal [16] and Bodga [17] powder compaction processes do normally result in particle rearrangement, elastic and plastic deformation as well as particle fragmentation. The relationship between porosity and compaction pressure could therefore be expressed mathematically by Heckel's equation [18] being the most popular method for determining the volume reduction mechanism under applied force. The method is based on the assumption that powder compression follows first order kinetics with the interparticulate pores as the reactants and the densification of the powder as the product (see Eq. 1). The equation indicates that the degree of compact densification with increasing compression pressure is directly proportional to the porosity as follows:
Where ρR is the relative density at pressure, P is the fractional void or porosity of the material.
The porosity can also be expressed as:
Where Vτ and Vp are the volume at any applied load and the volume at theoretical zero porosity respectively.
Therefore Eq. 1 can be re-written as:
It can further be expressed as:
By plotting the value of ln [1/ ( )] against applied pressure, P(τ), yields a linear graph having slope, X and intercept, C. Where inverse of X is the yield pressure, of the material. It also relates inversely to the ability of the material to deform plastically under pressure.
Decompression stage normally follows compression process as the applied load is removed. This phenomenon was expressed by David and Augsburger [19] that the same deformation characteristics that are experienced during compression play a role during decompression process. They further explained that materials which undergo more plastic flow often form strong tablets at relatively low compaction force.
Thermophysical properties
Since the process is intended to increase the effective thermal conductivity and energy storage density of a composite phase change material, the relevant thermophysical properties shall be examined as follows.
Effective thermal conductivity (ke)
According to Kohout et al. [20] , there are two basic arrangements i.e. the series and parallel models that can be used to analyse the upper and lower bands of effective thermal conductivities ( ) in composite materials.
Series model
Parallel model
Where is the thermal conductivity of material is the volume fraction of material However for a porous composite material consisting of MEPCM and a heat conducting material say aluminium powder (Alp), the volume fraction can be expressed as:
The effective conductivity of the series and parallel models can also be expressed as:
Series model
Eq. 8 could also be expressed in dimensionless form as:
Where;
, and are the thermal conductivities of air void, aluminium powder and
is the porosity fraction of the composite material (0≤ε≤1)
By substituting the value of Eq. 10 can be rewritten as:
Where
It could also be restructured in a dimensionless form as:
Now by considering Eqs. 9 and 12, the relationship between conductivity and the composite material porosity can be represented graphically in Fig. 1 . It shows that the minimum and maximum bands for do occur in the series and the parallel models respectively. It is also clear that lower porosity levels promote higher effective conductivities. 
Energy storage density (E)
The total energy storage in the composite material may be computed as the sum of the sensible and latent heat per unit volume:
Where:
Therefore;
By using Eq. 15, the relationship between energy storage density and porosity can be explained in Fig. 2 . Analysis of the graph clearly indicates that lower porosity ratio promotes higher energy storage density. and aluminium powder as a heat enhancement material were selected as the base materials for the composite material. However, the following initial tests were conducted on the materials to confirm their thermophysical properties.
Particle size analysis
According to various publications such as Fichtner et al. 
Determination of total porosity
Total porosity of a material may be defined as that fraction of the bulk material volume that is not occupied by solid matter. In this classification, the well-known Archimedes' method was used and applied in Eq. 16 to determine the material porosity. The MEPCM sample was initially weighed dry and then weighed again when it was made fully saturated with water. The difference in weight between the dry and saturated samples was then noted and with the density of water known, the pore volume (Va) was determined. The bulk volume (Vb) was also determined using the same Archimedes' method. 
Latent heat capacity
Differential scanning calorimetric (DSC6220 SII Nanotechnology) equipment was used in determining the enthalpies of fusion and melting temperature of the MEPCM sample in accordance with ISO 11357 Standards under the dynamic testing method.
In order to establish repeatability of the data the sample was tested 5 times under atmospheric air pressure and at a heating rate of 2℃/min from 5℃ to 50℃ as shown in Fig. 5 . The summarised results in Tab. 1, give an average latent heat value of 124.8kJ/kg and a melting temperature of 22.2℃ thus confirming the sample as an encapsulated n-heptadecane material. 
SAMPLE DEVELOPMENT
Figs. 6a and 6b show the equipment that were used for producing the composite sample. 
Porosity
The data collected from the measurements of forces on the punches and the displacement of the upper and lower punches were used in Eq. 17 to calculate the porosity of the samples.
Where m is the weight, h is the thickness, d is the diameter and p is the density of the sample. 
Latent heat capacity and thermal conductivity
Since the porosity levels in the samples were found to be almost of the same values, it was decided to conduct the latent heat capacity and conductivity tests on any one of them. The type produced with 2.8MPa applied pressure was therefore selected as a representative sample. For the benefit of repeatability, it was tested five times with a DSC equipment. As shown in Fig. 9 , the heat flux profiles are similar to each other thus confirming its thermal stability. The sample achieved an average latent heat 
Microscopic structure
A Scanning Electron Microscope (Hitachi S-4800 SEM) was used to examine any structural damage to the tested sample as a result of the applied pressure. Fig. 10 shows the SEM image at pre-compaction stage of the sample and with the aluminium particles fairly dispersed amongst the MEPCM particles. The microscopic image in MPa was applied in producing the tablet. It is therefore quite clear that applied pressures have to be controlled and optimised for different particle sizes. 
CONCLUSIONS
The study has demonstrated that the concept of developing a non-deform phase change material possessing high conductivity and high energy storage density could be achieved within certain boundary conditions. The theoretical and experimental investigations have shown that compaction process could reduce porosity level and 19 increase conductivity and energy storage density of a composite material. Even though the tested sample experienced some measure of plastoelasticity due to decompression, it achieved an average porosity of 23.8% as against the precompaction level of 62%. There was also no sign of any fragmentation of the MEPCM particles after a pressure of 2.8 MPa was applied. It was however noticeable in the Fig. 12 that higher pressure could cause structural damage to the MEPCM particles and therefore applied pressures need to be optimised for different particle sizes.
The specific findings may be summarised as follows: 
